0 




Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



01) EP 0 895 966 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

10.02.1999 Bulletin 1999/06 

(21) Application number: 98306320.7 

(22) Date of filing: 07.08.1998 



(51) Intel": C01B 39/06, B01J 20/18, 
B01D 53/047 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


* 


MacDougall, James Edward 


MC NL PT SE 




New Tripoli, PA 1 8066 (US) 


Designated Extension States: 


• 


Coe, Charles Gardner 


AL LT LV MK RO SI 




Macungie, PA 18062 (US) 




• 


Braymer, Thomas Albert 


(30) Priority: 08.08.1997 US 907748^) 




Allentown, PA 18103 (US) 


(71) Applicant: AIR PRODUCTS AND CHEMICALS, 


(74) 


Representative: Burford, Anthony Frederick 


INC. 




W.H. Beck, Greener & Co. 


Allentown, PA 18195-1501 (US) 




7 Stone Buildings 






Lincoln's Inn 






London VVC2A 3SZ (GB) 



(54) Zincoaluminosilicates of the FAU structure 

(57) FAU structure zincoaluminosilicates of the for- 
mula 
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(2xryVnt S '(2-x-y) A, (y) 2n (x)l°4: 



where in 



Table of the elements as adopted by IUPAC: n is the 
valence o( the selected cation: M; x is greater than 
or equal to 0.02 but less than or equal to 1; 
y is a value less than or equal to 0.95; and 2x +y is 
greater than or equal to 0.80; and having a specified 
X-ray diffraction pattern are novel gas separation 
adsorbents. They are particularly of use for sepa- 
rating oxygen from nitrogen in air. 



Mis cation selected from Groups 1,2,7, 10, 11, 12 
and the f block elements as defined by the Periodic 
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Description 

[0001] Those skilled in the art of non-cryogenic gas separation continue to search for improved adsorbents which 
demonstrate highercapacity and selectivity. Molecular sieves such as crystalline microporo'us aluminosilicates possess 

s cationic sites which are capable of physically adsorbing a more strongly adsorbable component cf a gaseous mixture 
containing a more adsorbable component and one or more less adsorbable components. The gaseous mixture be- 
comes depleted in the more adsorbable component providing a gaseous mixture which is enriched in the less strongly 
adsorbable components. A typical example of a gaseous mixture is air wherein the more adsorbable component is 
typically nitrogen and one of the less adsorbable components is oxygen. 

io [0002] Molecular sieves are broadly defined as materials which contain porosity at the molecular level and which 
adsorb differently sized molecules at different rates. Molecular sieves have a broad range of elemental compositions. 
One type of molecular sieve consists of metallosilicales which have a variety of structures. Depending on the elemental 
composition these metallosilicates can have a variety of empirical formulae but all consist of ar. extended crystalline 
lattice made up of tetrahedrally arranged silicate species forming an open framework structure. The majority of met- 
alics'lica'es which behave as nc'eciMar sieves possess extra framework cations to balance the framework charge. 
[0003] The most common example of metallosilicate molecular sieves are zeolites. Zeolites are aluminosilicates 
which can have a variety of Si/AI ratios in their crystalline composition. Both natural and synthe:ic zeolites are known 
and may generally be described by the following general formula: 



zo 



M 2 , n O:AI 2 0 3 :YSi0 2 :ZH 2 0 



[0004] where M is a cation, n is its valence. Y is the moles of silica, and Z is the moles of waler in the hydrated form. 
When the water of hydration is removed from the zeolite, highly porous materials are formed which have high internal 

2B surface area. Such zeolites can be used as catalysts, supports for metal-containing catalysts an: as adsorbents. Ze- 
olites in their hydrated form readily exchange their extra framework cations for other cations producing new cation 
forms of th9 zeolite. For this reason, zeolites can also be used as ion exchangers or detergent builders. 
[0005] Crystalline aluminosilicates can also undergo iscmorphous substitution with other eler.enls expanding the 
range of compositions. Boron and Gallium have been substituted for aluminum in some zeolites. The degree of iso- 

30 morphous substitution and the specific elements incorporated must be developed specifically for each type of zeolite. 
High degrees of isomorphous substitution in aluminum-rich zeolites has not been accomplished. 
[OOOS] Aluminosilicate molecular sieves having high cation charge density such as calcium c lithium are known 
adsorbents suitable for use in processes for separating gaseous mixtures. The cation densities possible in alumino- 
silicates limit the adsorptive gas capacities at ambient and higher temperatures. This limitation occurs when the crys- 

35 tallins framework of such materials become saturated with aluminum. Aluminum saturation in crystalline aluminosili- 
cates typically occurs when the mole ratio of silicon to aluminum is 1:1. This aluminum-rich ccmposition in X-type 
zeolites is referred to as low silica X (LSX). 

[0007] Those skilled in the art of molecular sieves are searching for ways to increase the framework charge beyond 
that possible in aluminosilicates so that higher cation densities are possible. The presence of s.ch additional cations 
<o associated with open framework metallosilicales could increase gas capacity of the adsorbent for use in equilibrium- 
based gas separation applications. 

[0008] EP-A-0476901 leaches a zeolite having a free aperature main channel of a size greate- than 2.2k (0.22 nm), 
a Si/AI molar ratio of less than 124/1 and zinc in the framework structure. Suitable zeolites are prepared by reacting 
together at least a source of silicon, a source of aluminum, a source of zinc, a source of alkali ms:=l ions ar.d a source 
45 of hydroxyl ions. Alternatively, suitable zeolites may be prepared by reacting a zeolite having a rain channel of a size 
greater than 2.2 A (0.22 nm) and a Si/AI molar ratio of less than 124/1 with a compound capable cf removing aluminum 
or silicon from the framework structure and providing zinc ions for introduction into the framework structure in place of 
the aluminum or silicon. 

[0009] EP-A-0476901 further states that the zeolites may be further modified by ion exchange with cations. V/hen 
sc the ions to be introduced are zinc, such zinc ions are in an octahedrally coordinated form. Tr.s examples present 
zeolites which contain less than one zinc atom per unit cell (i.e. a molar ratio ol Zn/Si S0.003) and have less cations 
than required for charge compensation (1 for every Al and 2 for every Zn). Thus, one cannot assess whether zinc 
atoms have actually been incorporated into the framework of the zeolites described in the Specification. 
[0010] Cruceanu and coworkers (Al.l Cuza lasi, Sect. 1c, 1972 15(2; 223-9) teach that zinc a'.cns may be incorpo- 
55 rated into a zeolite outside the phase fields of either X or A zeolite. S'jch zeolites are prepared by using zinc acetate 
in a gel preparation process. The reference does not provide elemental compositions of the products and the adsorptive 
capacities are essentially the same for adsorbents which contain zinc and adsorbents which do rot contain zinc. 
[0011] US-A-5,070,052 teaches compositions comprising a zeolite and zinc or a zinc plus an e'kali metal and/or an 
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alkaline earth metal compound wherein the sum ol the amount of the zinc or zinc plus alkali metal and/or alkaline earth 
metal in the compound plus any metal cation exchanged in the zeolite is in excess of that required to provide a fully 
metal calion-exchanged zeolite. The catalyst is preferably activated before use as a catalyst by heating to 400°C. to 
650 5 C, typically in a nitrogen or air atmosphere. 

[0012] Methods are known tor preparing aluminum-rich zeolites. For example, US-A-5, 366,720 teaches that low 
silica forms of faujasite-type zeolites can be prepared from more siliceous forms of the same zeolite species by con- 
tacting the starting zeolite with a highly caustic concentrated sodium aluminate solution at elevated temperatures. The 
process can be used to produce forms of zeolite X having SiO^AIgOs molar ratios below 2.5. 

[0013] The present invention presents a new class of materials which demonstrate superior utility as adsorbents for 
use in gas separation applications. The compositions are represented according to Formula 1: 



M 



(2xn'Vn ( Sl (2-x-y) AI (y) Zn (.x)]°i 



Formula 



where in 



so 



M is cation selected from Groups 1. 2, 7. 10. 11, 12 and the f block elements as defined by the Periodic Table of 

the elements as adopted by IUPAC; 

n is the valence of the selected cation; M; 

x is greater than or equal to 0.02 but less than or equal to 1 ; 

y is greater "than 0 but less than or equal to 0.93; and 

2x + y is greater than or equal to 0.60; 



30 



wherein the composition of matter has the FAU structure and the composition exhibits an X-ray diffraction pattern in 
which at least the following reflections (hkl) occur with the intensity (l/I„) at the stated d-spacings (d hkl ): 
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[0014] FAU is a recognized structure code established by the Structure Commission of the International Zeolite 
Association, as set forth at page 93 of th9 Atias of Zeolite Structure Types by W. M. Meier and D. H. Olson (1992), 
published by Butterworth-Heinemann on behalf of the Commission. Structure types do not depend on the composition, 
distribution of framework atoms, cell dimensions, or symmetry. 

[001 5] The Inventors have discovered that molecular sieves which have the same number of cations as zeolites and 
which contain Zn in the framework and consequently less AI show improved properties for selective gas adsorption. 
[001 6] The Inventors have further discovered that the compositions according to Formula I car. be readily prepared 
according to the methods presented in this patent application such that M is a mixture of at leas', two of the cations 
selecledfrom Groups 1, 2, 7, 10, 11, 12 and the f block elements as defined by the Periodic Tabls of the elements as 
adopted by IUPAC. Preferably one of the mixture of a: least two cations presented by M is lithium and optimal utility 
for gas separation applications is achieved when the mixture of at least two cations comprises at least 50 mole percent 
lithium. Preferably the compositions according to Formula 1 are possessed ol a stoichiometry wherein x ranges from 
0.02 to 0.20 and y ranges from O.eO to 0.9B. 

[0017] More preferred compositions of the present invention are presented in Formula II: 



so 



M r 



(2x-yyn t Si (2-x-y) AI (y) Zn (x)l°<: 



FORMULA II 



wherein 



55 



M is a cation selected from lithium, potassium, calcium, magnesium, zinc, nickel, manganese, lanthanum, cerium 

and praseodymium; 

n is the valence of the selected cation; 
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x is greater than or equal to 0.02 but less than or equal to 1; 
y is greater than 0 but less than or equal to 0.93; 
2x + y is greater than or equal to 0.80: 

wherein the composition of matter has the FAU structure and the composition exhibits an X-ray diffraction pattern as 
described under the description to Formula 1. 

[001 8] The Inventors have further discovered that the compositions according to Formula II can be readily prepared 
according to the methods presented in this patent application such that M is calcium or M is a mixture of at least two 
cations selected from lithium, potassium, calcium, magnesium, zinc, nickel, manganese, lanthanum, cerium and pra- 
seodymium. Preferably one of the mixture of at least two cations presented by M is either calcium or lithium and optimal 
utility for gas separation applications is achieved when the mixture of at least two cations comprises at least 50 mole 
percent cf either calcium or lithium. Preferably, the compositions according to Formula II are possessed of a stoichi- 
ometry wherein x ranges from 0.02 to 0.20 and y ranges from 0.50 to 0.98. 

[001 9] Most preferred compositions according to the present invention are presented in Formula III: 

Li (2x-y) [ s Wy) AI (y) Zn ( x)]°4 Formula III 



x is greater than or equal to 0.02 but less than or equal to 1 ; 
y is greater than 0 but less than or equal to 0.S8; 
2x + y is greater than or equal to 0.50; and 

wherein the composition of matter has the FAU structure and the composition exhibits an X-ray diffraction pattern an 
X-ray diffraction pattern as described under the description to Formula I. 

[0020] The compositions according to Formulae I. II and III can be conveniently prepared by practicing either a gel 
fcasao process or a post modification process. Ths firs: process employs a gsi according to the steps comprising: 

(a) mixing a source of zinc, a source of aluminum, a source of silicon, water and sodium hydroxide to form a 
precursor gel, the proportions of the source of zinc, the source of aluminum and the source cf silicon being those 
required to produce a desired sodium zincoaluminosilicate having the FAU structure wherein the molar ratio of the 
sodium hydroxide to the source of silicon is greater than 4; 

(b) reacting the precursor gel with from 0.1 to 10 percent by weight of a crystallization directing agent based upon 
the theoretical yield of the desired sodium zincoaluminosilicate at a temperature ranging from 40°C to 100°C to 
form a sodium zincoaluminosilicate reaction mixture; 

(c) heating the reaction mixture for an amount of time sufficient to form a mother liquor containing the sodium 
40 zincoaluminosilicate of the FAU structure; and 

(d) separating the mother liquor containing the sodium zincoaluminosilicate to collect the sodium zincoaluminosil- 
icate. 

The product obtained at the end of step (d) is a sodium zincoaluminosilicate which can be used in a variety 
of applications including catalytic applications. The sodium zincoaluminosilicates can be readily converted to a 
corresponding ion exchanged product by practicing the following additional steps: 

(e) washing the sodium zincoaluminosilicate v/ith 0.01 to 0.25 molar sodium hydroxide; and 

(f) exchanging at least 50 percent of sodium present in the sodium zincoaluminosilicate with a source of one or 
more cations selected from Groups 1 , 2, 7, 10, 11 1 2 and the f block elements as defined by the Periodic Table of 
the elements as adopted by IUPAC to yield an exchanged zincoaluminosilicate. 

[0021] A second and preferable process of preparing the compositions according to Formulae I. II and III employs 
a post modification procedure comprising the steps of: 

(a) contacting a crystalline aluminosilicate of the FAU structure v/ith a source of zinc in the presence of sodium 
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hydroxide wherein the molar ratio of the sodium hydroxide to the source of zinc is between 5 and 7 at a temperature 
ranging from 40 a to 1 0O'C to form a mother liquor containing the sodium zincoaluminosilicale of the FAU structure- 
and 

(b) separating the mother liquor containing the sodium zincoaluminosilicate to collect the scdium zincoaluminosil- 
icale. 

[0022] The product obtained at the end of step (b) of the post modification method is a sodium zincoaluminosilicate 
which can be used in a variety of applications including catalytic applications. The sodium zincoaluminosilicates can 
be readily converted to a corresponding ion exchanged product by practicing the following additional steps 

(c) washing the sodium zincoaluminosilicate with 0.01 to 0.25 molar scdium hydroxide: and 

(d) exchanging at least 50 percent of sodium present in the sodium zincoaluminosilicate with a source of one or 
more cations selected from Groups 1 , 2. 7. 10, 1 1 1 2 and the f block elements as defined by the Periodic Table of 
the elements as adopted by IUPAC to yield an exchanged zincoaluminosilicate. 

[0023] The present invention is also a method of separating a more strongly adsorbable component of a gaseous 
mixture from one or more less strongly adsorbable components with respect to the adsorbent employed in the method, 
i he method comprises contacting the gaseous mixture at elevated pressure with an adsorbent selected from compo- 
sitions accoramg to Formulae I. II and III and adsorbing the more strongly adsorbable component onto the adsorbent 
thereby providing an effluent which is depleted in the more adsorbable component. 
[0024] Preterably, the method comprising the steps of: 



a) contacting the enumerated gaseous mixture with an adsorbent according to Formulae I. II or III at an elevated 
pressure and adsorbing Ihe more adsorbable component cnto the adsorbent while allowing the less strongly ad- 
sorbable components to be recovered or passed to waste; 

b) terminating the contacting step and reducing ths pressure on the adsorbent to desorb the more strongly ad- 
sorbable component from the adsorbent; 

30 C ) repressurizing the adsorbent with the more adsorbable component; and 

d) repeating steps a) - c) to provide a continuous process. 

[0025] Preferably, the gaseous mixture is air wherein the more strongly adsorbable component is nitrogen and the 
less strongly adsorbable component is oxygen. Preferably, the adsorbent is contained in a plurality o* parallel connected 
3S adsorption vessels and the steps are performed in each vessel so that when at least one vessel is performing step a), 
at least one other vessel is performing steps b) and/or e). The plurality of vessels can be two or more. Preferably, 
between step a) and step b), one vessel pressure equalizes with the other vessel. 

[0026] The present invention presents zincoaluminosilicates which have high cation content such that the enumer- 
ated compositions provide unexpectedly superior utility in gas separation applications, as will be set forth in qreater 
<o detail below. 

[0027] The compositions according to Formulae I. II and III are referred herein as zincoaluminosilicates. Such zin- 
coaluminosilicates are not in the public domain and can now be prepared based upon Inventors' discovery of novel 
preparative methods. Such preparative methods are capable of introducing a greater amount of zinc into the tetrahedral 
positions in the framework of an aluminosilicate at equal framework aluminum levels than was pcssible according to 
45 prior art processes. 

[0028] Upon introducing a greater amount of zinc into the aluminosilicate framework than whs possible in prior art 
processes, the framework charge is increased, thus requiring mere compensating cations in order to achieve charge 
neutrality in the adsorbent. This result is achieved because zinc has a valence of 2 and aluminum has a valence of 3. 
Therefore, a net increase in overall framework charge cccurs when a zinc atom takes the place cf either an aluminum 
atom or silicon atom within the framework of the aluminosilicate. Due to the increase in framework charge, the com- 
positions cf the present invention possess additional amounts of effective extra framework catio-.s over the prior art 
compositions and such additional extra framework cations are capable of providing enhanced utility in gas separation 
applications. 

[0029] The zincoaluminosilicates having the FAU structure according to Formulae I, II and III can have varying 
amounts ol aluminum. The FAU structure is a structural type recognized by the Structure Commission of the Interna- 
tional Zeolite Association, as set forth at page 96 of the Atlas ol Zeolite Structure Types by VV. M. Meier and D. H. 
Olson (1992) published by Butterworth-Heinemann on behalf of the Commission. 

[0030] Known aluminosilicates having the FAU structure include zeolites X and LSX. LSX contains the most aluminum 
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allowed in an aluminosilicate and represents an effective adsorbent for gas separation applications. LSXhas 96 Al 
and 95 Si tetrahedral atoms. To balance the charge. 95 monovalent cations must be present. If all the trivalent Al atoms 
were replaced by divalent Zn tetrahedral atoms. 192 monovalent cations would be required to balance cha-ge 
[0031] The preparative methods and the compositions afforded by the processes of the present invention also pro- 
s vides a way to increase the cation density above what is possible for aluminosilicates of the FAU structure Alumino- 
silicates are limited to having a Si/AI ratio greater than or equal to 1 according 1o Loewenstein's rule which states that 
AI-O-AI bonding is unfavorable when Al is in tetrahedral coordination, as in the case of aluminosilicates. There are no 
examples of open framework materials containing AI-O-AI bonds. 

[0032] The compositions according to Formulae I. II and III show increased cation contents compared to the com- 
10 positions presented in EP-A-0476901. The examples presented in EP-A-0475901 illustrate that the amount of frame- 
work zinc is reduced to less than one zinc atom per unit cell as the amount of Al and consequently the cation content 
per unit cell is increased. In contrast, the compositions of the present invention allow for an increase in zinc content 
while avoiding a decrease in total cation content. 

[0033] This concept is illustrated in Table I which presents the zinc containing zeolites disclosed in EP-A-0476901 
1a ' he co,umn entit!sd ' " Prior Art Composition" provides the normalized molar ratios of the aluminum, silicon, zinc and 
sodium for each of the enumerated adsorbents disclosed in EP-A-0475901. The column entitled, -Composition Ac- 
cording to M n *(2x*y).-ntS'(2. x .y)AI (y) Zn M ]0 4 " presents the compositions of EP-A-0476901 in the format according to the 
appended claims ol the present application. Upon comparing the compositions of EP-A-0476901 with the compositions 
tne present invenlic::, ens observes that the compositions of EP-A-0476901 fall outside of the bends of compositions 
of the invention. The preparative methods of the present invention provide a route to incorporate a greater amount of' 
zinc into an alum.ncsilicate while retaining higher cation content than is obtainable by practicing the methods presented 
in EP-A-0476901. 
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[0034] The compositions recited in Formulae I, II and III can be readily prepared by practicing either of preparative 
methods ol the present invention, the first method which is referred to herein as a gel method and the second method 
which is relerred to herein as a post modification method. 

[0035] The gel preparative method comprises mixing a source of zinc, a source of aluminum, a source o! silicon, 
water and sodium hydroxide to form a precursor gel. The proportions of the source of zinc, the source of aluminum 
and the source of silicon can be readily deduced by one of ordinary skill in the art in order to prcduce a scdium zin- 
coaluminosilicate having a desired composiiion according to the present invention. A key feature o! this step consists 
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of carefully controlling the molar ratio of sodium hydroxide to the source of silicon such that the molar ratio is greater 
than 4. 

[0036] The sources of zinc include any zinc compound which solubilizes in sodium hydroxide solution. A preferred 
source of zinc is zinc oxide. The source of aluminum include sodium aluminate, melakaolin, alumina, hydrated alumina. 
s and aluminum alkoxides. Suitable sources of silicon include sodium silicate, colloidal silica, and silicon alkoxides. The 
mixing step can be conducted at room temperature or elevated temperature. 

[0037] The precursor gel is then reacted with a crystallization directing agent (CDA) to form a sodium zincoalumino- 
silicate reaction mixture. Suitable reaction conditions include a temperatures ranging from 40* to 100'C. Typical reac- 
tion times range from 3 hours to 3 days depending upon the particular composition being prepared and the temperature 

10 of reaction. Optimum reaction conditions can be resdily assessed without undue experimentation. 

[0038] The term CDA refers to a nucleating agent which directs the specific formation of a desired structure type. 
For the purposes of the materials of this invention, suitable CDAs including any nucleating which is capable of producing 
a crystalline product having the FAU structure. Suitable CDAs may be utilized in either the solid form or as a solution 
as is acknowledged in the literature. A representative and preferred CDA is a composition in solution which is described 

1= in US-A-4, 166.099 and has a molar composition of 15±2Na 2 0, 1 Al 2 0 3 . 14±2 Si0 2 and 350±50 H 2 0 prepared by 
mixing the ingredients a: a temperature at or below 35'C and aging the mixture at a temperature a; or below 25»C for 
at least two hours. 

[0039] The sodium zincoaluminosilicate reaction mixture is heated for an amount of time sufficient to form a mother 
liquor containing 1/-.s sodium zincoaluminosilicate of the FAU structure. Thereafter, the mother liquor containing the 

20 sodium zincoaluminosilicate is separated to collect the sodium zincoaluminosilicate. The product crystals may be re- 
covered using conventional methods such as filtration or centrifugation. The crystals may then be dried. 
[0040] The sodium zincoaluminosilicates can be readily converted to a corresponding ion exchanged product by 
practicing the following additional steps of washing the sodium zincoaluminosilicate with 0.01 to 0.25 molar sodium 
hydroxide followed by exchanging at least 50 percent of sodium present in the sodium zincoaluminosilicate with a 

25 source of one or more cations selected from Groups 1, 2, 7. 10, 11 12 and the f block elements as defined by the 
Periodic Table of the elements as adopted by IUPAC to yield an exchanged zincoaluminosilicate. 
[0041] Suitable sources of one or more cations of the enumerated elements comprise soluble metal halides, sulfates 
or n ! !r?.:5S of the respective elements 

[0042] A second and preferable method of preparing the compositions according to Formulae I, II and III employs a 
so post modification procedure. The first step of the procedure consists of contacting a crystalline aluminosiiicate of the 
FAU structure with a source of zinc in the presence of sodium hydroxide wherein the molar ratio cf the sodium hydroxide 
to the source of zinc is between 5 and 7 at a temperature ranging from 40 s to 100°C to form a mother liquor containing 
the sodium zincoaluminosilicate of the FAU structure. 

[0043] Suitable crystalline aluminosilicates of the FAU structure include known compositions such as those disclosed 
35 in US-A-2.9S2.244 and US-A- 3.130.007. Preferred aluminosilicates of the FAU structure are those presented in co- 
pending United States Patent Application Serial No. 0S/903S63, entitled, "Faujasite Adsorbents with Nonuniform Al 
Distribution" (corresponding to European Patent Application No. ). The aluminosilicates presented in the copending 
patent application have a faujasite structure with a Si/AI ratio in the range of 1.05 to 1.25 and where the number of 
silicon atoms with four next nearest neighbour silicon atoms is greater than the number of silicon atoms with three next 
to nearest neighbour silicon atoms and one next nearest neighbour aluminum atom, and there are p cages which contain 
12 Al atoms and there are p cages which contain 10 or less Al atoms in said zeolite. Such aluminosilicates can be 
readily identified by the 29 Si nuclear magnetic resonance spectrum which has a Si(OAI) peak of greater area than its 
Si(1AI) peak. Such aluminosilicates preferably have a Si/AI ratio of approximately 1.15 to 1.20. 
[0044] The aluminosilicates cf the copending patent application can be prepared by crystallizing the alumlnosilicate 
« from a mixture of alkali metal aluminate and alkali metal silicate wherein the mixture has an alkali metal oxide to silica 
ratio of at least 1.6 and water to alkali metal oxide ratio of at least 37. A preferred alkali metal aluminate is sodium 
aluminate and a preferred alkali metal silicate is sodium silicate. 

[0045] The mother liquor containing the sodium zincoaluminosilicate of the FAU structure is then separated by the 
steps previously discussed in the gel preparative method to collect the resulting crystalline sodium zinccaluminosilicate. 
so Such sodium zincoaluminosilicate can be readily converted to a corresponding ion exchanged product by washing the 
sodium zincoaluminosilicate with 0.01 to 0.25 molar sodium hydroxide; and exchanging at least 50 percent ol sodium 
present in the sodium zincoaluminosilicate with a source of one or more cations selected from Groups 1, 2. 7, 10, 11 
1 2 and the f block elements as defined by the Periodic Table of the elements as adopted by IUPAC to yield an exchanged 
zincoaluminosilicate. 

55 [0046] More preferably, the sodium zincoaluminosilicate prepared by the post modification method is ion exchanged 
with at least 50 percent of a cation selected lithium, potassium, calcium, magnesium, zinc, nickel, manganese, lantha- 
num, cerium and praseodymium. Most preferably the sodium zincoaluminosilicate is ion exchanged with a! least 50 
percent lithium. 
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[0047] The invention will now be described in more detail though only by way of illustration in ths lollowing examples 
and evaluations. 

[0048] In each of the following examples, parts and percentages are given by weight and temperature is given in 
degrees Centigrade unless otherv/ise stated. A number ol techniques were used in concert to confirm than zinc v/as 
incorporated into the framework of the subject zincoaluminosilicates. Initially, the presence of framework zinc v/as 
confirmed by observing a downfield shift of about 5 ppm in the 29 Si Nuclear Magnetic Resonance (NMR) spectrum. 
This shift is consistent with reported data for zincosilicates. Infrared spectroscopy (IR) was also utilized to confirm the 
presence of zinc in the framework and the elemental analysis showed the correct number of extra framework cations 
assuming that zinc was incorporated into the framework. 

[0049] Table II presents a summary of the compositions prepared according to Examples 1 through 7 wherein x, y 
and M are values according to Formula 1 . The Examples are presented in detail hereunder. 



Table II. 



75 


Example Summary 


Ex 


Reaction Type 


Qualifier 


Work Up 


Product . 


X 


y 


M 




1 


r?oi 

Oct 


Wltn OUA 


base wash 


All ■ _ | * 

FAU + trace LTA 


0.037 


0.51 = 


0.99 




2 


Gel 


without CDA 


no base wash 


SOD + 


NA 


NA 


NA 


20 










amorphous 










3A 


EP--A-0476901 




no base wash 


FAU + trace 
amorphous 


0.059 


0.6S5 


0.79 




3B 


Li Exchange of 
Example 3A 






FAU + trace 
amorphous 


0.059 


0.6=5 


(0.72) Li + Na 




4 


Post-Modification 




base wash 


FAU + minor 
amorphous 


O.U 


0.E44 


1.10 




5A 


Fcst-\-'oa'iiica:ion 




bssc Wctsn 


FAU 


0.05 


O.ScO 


1.01 


30 


5B 


Li Exchange of 
Example 5A 






FAU 


0.03 


0.9=0 


1.00 




6A 


Post-Modification 




base wash 


FAU 


0.04 


0.92 


1.00 


35 


6B 


Li Exchange of 
Example 6A 






FAU 


0.04 


0.92 


0.85 




7A 


Post-Modification 






FAU 


0 


0.92 


0.92 




73 


Li Exchange of 
Example 7A 






FAU 


0 


0.92 


O.SS 


40 


6 


Ca Exchange of 
LSX 






CaLSX 


0 


1.C 


0.5 




o 


Ca zinco- 
aluminosilicate 




base wash 


FAU 


0.05 


0.95 


0.50 


45 


FAU = faujasite structure. LTA = zeolite A, SOD = sodalite type. 



Example 1 



Preparation of Nao 99 [Si, 1G Al 0 813 2n 0 037 ]O 4 By Gel preparation Method Using CDA and Base Wash Step 

so 

[0050] This example illustrates a composition of the present invention which was prepared usinc the gel preparation 
method wherein a CDA was employed as v/ell as a base washing step. The CDA had a batch composition of 15 Na^ : 
Al 2 0 3 :17 Si0 2 : 350 H 2 0, and was prepared by mixing two solutions. The first solution, A, contained 3.4Sg of aluminum 
hydroxide hydrate (51% by v/eight AlgOj). 2.5g 97% NaOH, and 54.0g of deionized water. This rrixture gave a clear 
55 solution with shaking. The clear solution was cooled in an ice bath. The second solution, soluticn B, v/as prepared by 
dissolving 1 2.55g 97% NaOH in 1 3.5g deionized v/ater, and adding 61 .97g of a sodium silicate solution (24.42% SiO z , 
S.60% Na 2 0, and 62.73% H z O). Solution B was cooled in an ice bath. After about 20 minutes, solution A v/as added 
to solution B. Initially the mixture was cloudy, but quickly became clear. This mixture comprising the CDA was stirred 
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in an ice bath for two hours and was then allowed to stand at room temperature for 6 hours prior to use. 
[0051] The gel had a composition of 11.0 Na z O : Al 2 0 3 : 5.0 Si0 2 : 1.33 ZnO : 315 H z O. The gs! was also prepared 
by mixing two solutions. Solution #1 was a mixture 25.0g of 97% NaOH. 5.41 g ZnO and 50.0g deionized v/ater and 
53.29g sodium silicate solution (24.42% SiO z . 8.80% Na 2 0, and 62.78% H z O). Solution #2 was mixture of 10 14g 
aluminum hydroxide hydrate (51% by weight Al 2 0 3 ). 12.92g 97% NaOH, and 79.5g deionized water. The gel was 
formed by adding solution #2 to solution #1 followed by shaking to homogenize. 5.0g of the CDA was immediately 
added to the gel. This final mixture was homogenized by shaking and crystallized at 75 J C for 5 days. The solid v/as 
recovered by centrifugation and v/ashed with about 150g of 0.25M NaOH solution instead of deionized water. The 
centrifugation and washing were repeated twice and the solid was dried at 75'C overnight. The material v/as charac- 
terized by X-ray diffraction. The X-ray diffraction pattern was that of a highly crystalline FAU with a trace of LTA (zeolite 
A) and a very minor amount of amorphous material. ^Si NMR spectroscopy was used to measure the framework 
composition which was 1 .22. Bulk analysis gave the following composition, ka^ 93 [Si, 10 Al 0 eia Zn 0 03r ]O 4 . 

Example 2 (Comparative^ 

Preparation of Sodium Zincoaluminosilicate By Gel preparation Method Without Using a CDA and Without Base Wash 
Step 

[0052] This is a comparative example showing the criticality of using a CDA to prepare compositions of the present ■ 
invention. As shall bs shown, a dense phase forms when a CDA is not employed. A gel composition 11 Na 2 0 : Al 2 0 3 : 
4 SiO s : 0.57 ZnO : 180 H a O was prepared by dissolving 39.22g 97% NaOH in 1 35.9g deionized water, adding 2.73g 
ZnO and 10g aluminum hydroxide hydrate (51% by weight Al 2 0 3 ). When all the solids had dissolved. 41.B0g sodium 
silicate solution (23.71% Si0 2 . e.86% Na 2 0 and 62.43% H 2 0) was added. A gel formed and the mixture was allowed 
to crystallize at 75°C. : for 2 days producing a clear solution and solid product. The mixture was hcrr.ogenized and one 
half was recovered by filtration and washed with deionized water. X-ray diffraction showed that the solid product was 
a mixture of sodalite and amorphous material. The remaining half of the mixture v/as allowed to crystallize for an 
additional 11 days. After 1 3 days total, the solid product was recovered by filtration and v/ashed with deionized v/ater. 
X-ray diffraction analysis showed ths solid product was a mixture of scdallts and amorphous materia;. No compositions 
possessing the FAU structure were obtained according to this method which did not utilize a CDA or a base v/ashing 
step. 

Example 3A (Comparative) 

Preparation of Na 0 . 7S [Si 124 Al 0693 Zn 0OS9 ]0 4 

[0053] This comparative preparation illustrates a composition prepared according to the procedure of Example 1 of 
EP-A-0476901 . A gel having the composition 4.89 Na 2 0 : 0.44 ZnO : 1 Al 2 0 3 : 11.1 SiO z : 1 60 H 2 0 was prepared by 
first dissolving 7.5g NaOH and 1.1g ZnO in 7.8g deionized v/ater. When all the ZnO had dissolved, 50.79g deionized 
water and 15.4g sodium aluminate (Na 2 0 : Al 2 0 3 • 5 K 2 0) were added to yield a clear yellow solution when the sodium 
aluminate dissolved. This solution was added to 4S.5g colloidal silica (40 weight % SiCt,), causing a gel to formed. 
Following shaking to homogenize the gel. the gel was allowed to stand at room temperature for about 24 hours. After 
24 hours at room temperature, the mixture v/as crystallized at 100'C for 1 week. The resulting solid was separated 
from the liquid present by vacuum filtration and v/ashed v/ith deionized v/ater. The solid air dried and an X-ray diffraction 
pattern was recorded. The X-ray diffraction pattern was consistent v/ith a crystalline FAU structure, with a miner amount 
of amorphous material present. Bulk analysis gave the following in relation to Formula I: Nao 7Q Zn c . 033 AI 0 S93 Si, 24 0 4 . 
This result is comparable to that reported in EP-A-0475901 for ZNS-50. 

Example 33 (Comparative! 

Preparation of Li aSl Na 0 ll [Si, . 2 5 Al 0 Bee Zn 00S9 ]O 4 

[0054] Li exchange and adsorption testing of Example 3A were conducted to evaluate the utility of the composition 
as a gas separation adsorbent. This v/as accomplished by slurrying lOg of the solid produced in Example 3A in 1 M 
LiCI solution v/ith a solution to solid ratio of about 45 crrw/g. heating at 1 00 J C overnight, recovering the solid by vacuum 
filtration followed by washing v/ith deionized v/ater. This procedure v/as repeated to give a total o! 5 contacts of LiCI 
with the solid Bulk analysis gave a composition of Li 0 s ,Na 0 „Zn 0 059 AI 0 6e£ St 1 25 0 4 . The solid was heated to remove 
water to 400'C. at a heating rate ol about 1°C per minute, v/ith 60 minute holds at 100, 200, 25CC and a final hold 
at 400'C for about 12 hours. This example demonstrates that the prior art methods are not capable of preparing the 
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compositions according to Formulae I, II or 
[0055] The compositions of Example 3A and 38 were tested tor 



use as adsorbents in processes for selectively 



removing a more adsorbable component from one or more Ip<:«: aricnrh=m» ~~~~ . • 

r\ „,!,.- .■ • .t. . . 1,1 " um ""b or more less acisorc-able componen s in a gaseous m xture N-> and 

g £ s; " were obta,ned at 23 ° c - and ihe gas capacities at 1 < 1 °° w 2 ^ «* 



TO 
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Table 



Adsorption cap 


acities for p 


rior art adsorbents 


Example 


Ion form 


X 


y 


2-x-y 


M* (2x+y) 


M actual 


N 2 


o 2 


ZNS-50 ♦ 


Na 


0.099 


0.552 


1.379 


0.751 


0.702 


NA 


NA 


3A 


Na 


0.059 


0.695 


1.245 


0.614 


0.79 


0.40 


0.15 


3B 

* as reported ir. EP- 


Li 

V04769G1 


0.059 


0.6S9 


1.252 


0.802 


0.72 


0.37 


0.13 



so 



25 



SO 



35 



40 



45 



SO 



55 



SoteS TpTo^'^T °' Tab J e PfeSentS 2 C ° mpOSiti0n 2NS - 50 WhiCh WaS P'-"«* in EP-A-047690, . 

n ° f? 0rPt, ° n da!a ,0f 2NS - 5 ° ° r 3n/ °' the zinc contai ™9 aluminosilicates 
presen tea tne.e.n. The Inventors prepared the composition according to Example 3A in order to as=ess the adsorptive 

^"tofoSSZT T P0Sit ; On aCC ° rding ,0 EP - A - 0476901 " ExamptoaA shows that the sub ec. "ncoaE 
Example 38 vL nfZZlT TT ^ * flM com P afable 10 P'* «« aluminosilicates in the sodium form. 

SKSS P SmZ% f S lT, Chan9e 933 Capadty Which results when the ^position of Example 
Tep A 047S901 r , n , , T?" demons,ra,es that lithiu ™ exchange of a composition cf the type presented 

of Lamole °A c d ™u ! ■ 9 J*** " 935 eBpU *»- St£ted MBtm *' lithium exchan ^ cf the composition 
o! txample oA did not result in improved gas capacity. 

Example 4 

Preparation of Na 1-10 [Si,. 0 2Al fte 4 4 Zn 0 . 14 ]O 4 Using the Post-Modification Method with NaY 

[0056] This example illustrates a composition of the present invention prepared using the post-modification method 

"mate's rSTS^?" ^ 95 ^ . 10 B*" Nazeolit. Yp P ure ha.ed4m UntaCa^tS^SS 

as material LZY-54 (having a bulk composition of 23.70 weight % Si, 18.51 weight % A!, 7.51 weight % Na 18 5° 
we,ght % H 2 OJ was reacted with a 20g of 1M Na s Zn0 4 solution at 100»C for 3.5 days. The so!: vfs reco verld by 

Sd° con ^ZwTV^ °f M Na ° H SO ' Uti0n fath6r ,han dei ° ni2ed Wa! - *«* ^ ° f « »«K 
,hl 2 ™ I FAU structure w,.h a minor amount of amorphous material present. » s , NMR was used to measure 

™1TJ fox?? W3S 1 ' 78 - ThUS ' the framework composition was substantially different from the framework 
> , £ ? Y ma,efia ' A d ° Wn fi6!d Shif ' in lhe 0vera " enve, °P e of lhe was obeeored 

plasma(AA/lCP) spectroscopy gave the following composition in relation to Formula I: Na,, 0 [Si, C2 AI 0 . £ ^Zn c , 14 ]O 4 . 
Example 5A 

Preparation of Na 10l [Si 102 AI 0S5 Zn0. 03 ]O 4 Using the Post Modification Method With Base Washing Step 

!n°S In h eXamp,e "! Ustrates a com Pcsitbn of the present invention which was prepared using !-e post-modification 
method and base washing step wherein a sodium aluninosilicate having the FAU structure ot Ire tyoe presented in 
tne previously discussed copending United States Patent Application Serial No. 08/906653 (corresccnding to European 
Patent Application No. ). A sodium aluminosilicate gel having a composition 7.20 Na 2 C: AUO, : 3 SiO,- 

\ ic^N^n t3P *u d Jlnl f >0 °' N32 ° : S '° 2 WaS 2 - 40 ' and ,he rati0 of H *° : Na *° was -"-2.) Sodium meL 
silcate (Na 2 Si0 3 • 5H z O) 309. 7 4g, was dissolved in I372.6g deionized water. A second solution was prepared by 

water wLn ^H 8 *!" m *'""* ,a,e ( 540S% A, 2°3. 41.65% Na 2 0) and 117.1lg 97% NaOH in 1224.09 deionized 
* f ?£,r . q« n S ! S d,ssoIved ' the sodium afuminate solution was added to the sodium silicate solution, and 
an additional 835.0g de,on,zed water was added. This mixture formed a gel, which was homogenized by shaking. The 

^hLTorH^ 81 T C ' 0r ab ° Ut 5 dayS ' A! ,hal time a c,ear a ^' eous P has e was present above a white solid. 

r« i T< T reC ° Vered by vacuum ,iltration and washed with deionized water. An X-ray diffractcn pattern was re- 
corded for the air dried sample and was consistent with the FAU structure as summarized below. A *Si NMR soectrum 
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was obtained. In this case, Ihe peak area associated with <?i iotr=h^ . 

[Si(OA»]wa S grea,er t han«hep ea P k areaasso STe fS^J^SSSS^ T? "° " ™* 

«-i=uea wimsuetranedral atoms having 1 AI next nearest neighbor [Si(lAI)]. 



Sumrr 


ary of NMR Spectrum 


Si/AI 


Si(4AI) 


Si(3AI) 


Si(2AI) 


Si.fl AI) 


Si(OAI) 


1.19 


65.3S 


21.11 


5.84 


3.02 


4.65 



LtzV— "? ° f ab ° Ut " — -cted with 125 Cm 3 of 1M 

turl was obtained The sot^^t^^^T?" ^.f^™^ zincoaluminosilicate of the FAU struc 

An X-ray mrecL^^^^^J^^^^ " Mhad With °" 1M NaOK 

was Na, 01 [Si,. 02 AI 0 , 3 ZnO.^ ^ '° be C ° n °' 3t3nt vrtn ,hs struclur *- The composition obtained 

Example 5B 



so 



30 



35 



40 



4S 



SO 



ss 



Preparation of Li,. 00 [Si, 01 AI 0 ss Zn 0 03 ]O 4 

SryJg ^SsSS ^stZ Z ^™f^ « Example 5A was exchanged with LiC. 
e..The exchange procedure was Tarrld out a ^E^ 6 ^ £ With U ° H t0 9 " e B final ? H of about 

water wtth a pi of about 6 aZsM^L^t^T^^ CCatact with deioni2ed 

--n^a^ 

than can be achieved by the lithium 6x3^™! '^ L P SS ° Ver three t,mes tha nitro 9 en ca Pa<*y 
sodium form o, a zincoalur^ ^SelTZ^ ^ * 
one of ordinary skill in the cas s 5 ,a.-ior, ei wc S nf^ -5- . ? V COnVen,lonal t^ues. Therefore, 

for conventiona, known afuminositicates for usl ^^^^^^^T^ S " V " « 



Adsorption 


capacities and compositions of Examples 5A and 5B 


Example 


Ion Form 


X 


y 


m- 


N 2 


o 2 


5A 


Na 


0.030 


0.S5 


1.01 






5B 


Li 


0.030 


0.96 


1.00 


1.41 


0.217 



Example 6A 



Preparation of Na,. 00 [Sl lj04 AI 0 . 92 Zn 0 . 04 ]O 4 Using the Post Modification Method With Base Washing Step 

97° Nam inf/, h ^ 'T 3 ^" ^ diSSOlVin9 1 4 - 32 9 SOdium alu - inate 23 61 o/o A. and 30 S, % Na)^ 6 M S 



Sumrr 


ary of z^Si NMR data for Example 6A 


Si/AI 


Si(4AI) 


Si(3AI) 


Si(2AI) 


Si(1AI) 


Si(OAI) 


1.20 


62.63 


20.04 


5.76 


3.34 


5.72 



about 70 C for 66 hours. At that t.me a mother liquor containing a sodium zincoaluminosilicate was formed. The 
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solid was separated from the liquor by vacuum filtration 

consistent with FAU structure was obtained Z£ no other crS^T ° °f Na ° K An X ^ P-Kern" 
a composition according to Formula I as: Na, 2? ™™ er W a ™ lm * w *^*ous phases. Elemental analysis gave 

• «0 1.04 0.92 0,04 4" 

Example 6B 

Preparation of Li 0 . 35 [Si^AI,,^ Zno.^ 

L-CI which was adjusted to a P H of about So LiS £ " 9 8 '° ! ° f Pf ° dUCt ° f 6A w,th 200 ^ 3 of 2M 
recovered ,rom the solution by vacuum B?r«^^2lKll! hMted »' 10O ' C °v.mlflh.. The solid was 
of 3 times. After the fifth exchange, the co^ ^ ^ d ™ e "as repeated a total 

composition of Li 0 . 86 Si 1 . 04 AI 0O2 2n 00 .O 4 The adsomfon o™» , determinsd - T ™ U zincoafuminosllicale had a 
the results are summarized ?n TsbteV. ada ° r P*°n P»pert.es were determined as described in Example 33 and 

Example 7A (Comoarati^ 
Preparation of Na 0 . 92 [Si, -03 AI 0 . 92 Zn 0 ]O 4 



a^rS^^ ~-? 9 of a commercial Na X ( S,A, = , 25 . 

0.42 g 51 % AW,, which was dissolved Tin 13 ^^'2^ 3 9 9?% NaOH " * ° 7 9 ^* KOH 
ature for 22 hours. The solid was recovered from th SuS^ I h " W " a "° Wed l ° s:and at room ^per." 
wate. An X-ray diffraction pattern con^J^it^S^Z^ ^ UUm ! llU ^ and cashed with deionLd 
resu 3 are summarized below. The NMR showed ^ thaUhe numb r ° ^ * & NMR VV5S 0biained and 
was less than those Si atoms with 1 Al next nea es "n o h bo Ur ?- - c! S ~ " neXt . n ?f« "to*™*- Si(0AI, 



Si/AI 


Si(4AI) 


Si(3AI) 


Si(2AI) 


Si(1AI) 


Si(OAI) 


1.12 


70.3 


20.0 


6.2 


3.0 


0.4 



Example 7B fComr>arativo> 
Preparation of Li^Si, X8 A| 0 . 92 2n 0 JO 4 

°< sample ™ w» lithium chloride. 
9 of a 2M Lid solution which was pH ad^ed ,0 abo ' wifh^H T ! J * ""V °' 7A ,n 12 5 

vhtch ttrr.e it was filtered and washed with about 200 Is I I J ^ W3S heated £t 10O ' C ^ernlght at 
LiOH. This procedure was repeated a Sal of 5 imes The thfun f ^ PH adjUS '' ed to aboul 5 with 

L'o.£sAl 0 . 92 Si 1 . cs o 4 . This material was activated for Q as JaTr> , T ^ a,uminosilicat * had a composition of 
[OO663 Table V compares the adsorptivel^ ,eS " ng 8nd teSted accordin 3 «= Example 33. 

6B. These data clearly indicate tha t the ^ adso D tbn 3 " 9 ,he . COm P ositions °f the present example and Example 
exhibit superior nitrogen bO^^^^^^ * ?■ * ,n ^«»'««« of the present invention 
that the oxygen capacities are similar for th XtlaezeoZ 7n«lt f ^ " " S '' S ° importanl t0 n ° te 

skilled in the art of gas adsorption would appreciate that^ol fn h ™ coa,Uf ™ osi,ica ^ of the present invention. One 
component inagas mixture with nosimii™ 

at equilibrium. Thus, process efficiency is increased Str0n3 '^ dsorbed component would increase the selectivity 

e 68 and 75 - • ™. v . The data ^ 

in nitrogen capacity with no ^^2^??^; "v" m0W ' han 3 ^ P ercenl *«<•» a 

nitrogen selective adsorbent for air separation processes C3paClty COm P ared t0 E * a ™P<e ?B. thus provi ding a more 
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10 



15 



30 



35 



40 
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Example 3 (Comparative 
Preparation of Ca 0 S0 [Si 1 . 0 AI ) 0 ]O 4 



Adsorption 


capacities and compositions of Example kr =^ 7R 


Example 


Ion Form 


X 


y 


M + 


N 2 


o 2 


6B 


Li 


0.04 


0.92 


o.es 


1.29 


0.20 


78 

N 2 and 


Li 

0 2 are in mill 


0 

imo!es/g 


0.92 
@23'C 


o.es 

■ 1 atmc 


1.02 
sphere 


0.20 



- (Kuehl, o. H. Zeolite, lS57 , 7 , 451 . 7) The 
250 cm= of 2M CaC, 2 solution and hea« ed T^o^T^l'v^ * 9 °' ™ ^ ^ C ° mbined ^ 
Miration and washed with deioni 2ed water This e^n^L^ S6Parated ' f ° m ,he S0,ution vacuum 

composition of the product was determined by A.MCF TftT" * *** °' 5 ^ ThS e,ementaI 

v,-.-i- measured according ' - y ' and tne re3 J,ts are lis;ad in T = H, ° VT1 »--' - 

400 S C. 



filtration and washed with deioni 2ed wX TH .^wToi ^ * ^ S6Parated ' f ° m ,he J0,ution * vac "^ 
composition of the product was determined by A.MCF ^ff 3 t0ta ' ° f 5 fess - The e '^en.al 

v; * r * ^asured according to the procedure of Example 3B Zl" f * ^ * Th ° £ =' 5or P tio n Properties 

400»C. m F ure or t xample3B, except that the material was heated to 550'C rather than 

Example 9 

Pf ' p2f2!i0n ° f Ca ° S ° [SiK0 Ai < , - 952ft °^°4 Usin 9 Post-Modification Method With Base Washing Step 

^^^:^:^SSZ el^TheT r ^ ^ P—ion method 
starting material for the post modified wa ^^1™^™?^° ,he FAU s;ruc!ure ussd as the 

3.0 SiQ 2 : 1 4S.2 H 2 Q (the Na 2 0:Si0 2 ratfo was 1 3 and Jl o/m= T 9 ^T 9 ,he com P° sition ° f " N^O : Al 2 0 3 : 
g sodium aluminate (28. 97 % Al 2S 47 %^ 

mixturegaveaclearsolution upon shakin "a ^u^V^n ° N8 ° H ,n 4472 9 d,!onl » d Wa! - Th. 
9 deionized water was prepaid added'to t^ a uminat solut ZTalu ' Y'^' ^ 9 S ™ Na ° H 2fld 147 '° 
. he gel was crystallized at 100'C for about 1 9 h o u r™ ^ 

washed with deionized water. An X-ray diffracWon oStem was Z , . reCOVered by VSCUUm f i,tra,ion - and 
with 0.1 M NaOH. This canlrtfugati^^ 

An X-ray diffraction pattern was obtained on the ToHd f & T °L 3 and the so,id wss ^owed to air dry. 
mental composition gave the folio'. Sg a^Ji " ftSSta m r? * be C ° n3iSlenl With the FAU struct ^- Eto- 
[0071] This Na zincoaluminosilicate ^^^^i'?^ 1 ^^^*- 

was done by mixing about 8 Og of the 2 SE« r . ° rm and Ks adso ''P"'on properties v/ere tested. This 
mixture overnight a't about Sc.^S^Z^^? ^ ^ S °' u;i - and th. 

^ionized water. The exchange P^r^^SS^^^ '"^ £nd vwuhed V/ith 

silicate was determined and the results are listed i ^Tab!e VI Thl Jh J ^position of the Ca zincoalumino- 

in Example 33, and are also listed in Table V adsorption properties were determined as described 



Adsorption c 


apacities and compositions of Examples s and o 


Example 


X 


y 


M = Ca 2 * 


N- 


o 2 


6 


0 


1.0 


0.50 


1.60 


0.40 


0 


0.05 


0.95 


0.50 


1.60 


0.40 



9as se P af at'ons and adsorpt on would also recognize that if only Ca 
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were associated wilh Al Ihen less would be present and ih« aH^v 

the utility ol these zincoaluminosilicate coZot^X^TZ^ '° r ^ 2 W0U,d be lsss ' Thls illus «™tes 

aluminosilicates at similar cation contents 9 separations s.nce they have comparable properties to 

Example 10 

Binary Adsorption Data Derived from Example 5B 

[0073] Using binary mixtures of nitroaen snri «vi/na« #•„„ ~a 

ured using a closed volumetric system ^SXpiSZ?^ W ^ W ^ l,M ''' niM - 
of known composition and pressure ^^^^Z^^^^^^^^^ 
established. The sample loop and adsorbent bed were TainSnVd I ™ , 3 C '° Sed '° 0p L ' n!il vvas 
ature bath. Once equilibrium was achieved ^^^^^T" ,6mpera:ure usin S *> ««-mal temper- 
done using a gas chromatograph containing a 6A Stri^Sr^ ■ d . 6to,m,ntd - A!l 9 as anal ^ es were 
which vvas calibrated using five gas standards oTSS 

pressures, the amount adsorbed is calculate d° c t from thT™ * ini ' ia ' fi " £! com P° siti ^ and 
were calculated by the virial equation ^^b ^u^^T n SyS,Sm - The £as phass densi,ies 

ducibility studies the pooled standard d iatton ov^ h ranoe o T-^ ^ C ° nditi ° nS ^ ° 0 ^ 
selectivitieswasfoundtobeo 17meanlnotS^r^!. , 9 cond 't'°ns measured for samples having similar 
[0074] Table VI. demonstrates^ 

unexpectedly-high given that the thium conteni J fhe ™„ v ^ the com P° sition accorting to Example 5S is 
achieved in lithium X-type adsorb nts oMhtp io ? rt SSl 5B iS 6qUa! * the ,ithium con,enl 

results because compositions contain an Z! „m™ ad f bents of tne P«»sent invention demonstrate superior 
of the prior art. Moreover, this T unachieva ^ P^parative methods 

the prior art with lithium. ach.eved by merely exchangmg the zinc containing aluminosilicates of 
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Table VII. 



=ctivity 



Example 



Ion Form 



Li 



0.030 



0.95 



■ aimospnere (1 00 kHa). at a gas m xt ure comooJin n nf 21 5% 5 75 »- y 



St iSBi^ in cation — - — . 

exchangable cations, more preferably as- thp «»• ? " prefsrab| y to at least £0=i of the available 

suiting in mixtures 0 f' ^m^^r^^^^. T ' e 3 ° r terti ^ e ~ h ^ of cations re- 

iron, manganese, nickel, zinc. calciun sTronS ^ ^ SUCh ^ ^ C=PPer ' Ch '° mium - 

yttrium, lanthanum and mixed lanthanides In the caS If Th'i J™" cenum ' £candilJ - Sallium. indium, 

cation, the cation content is preferabl 5 o 05% 5 n and S JZTT °' Ze0 '* e Wi,h mh,urn and another 
lithium and 30 to 10% of a second cation 3 SeC ° nd Cati ° n ' more 70 to 90% 

steps ol adsorption a. ^^^"S^^iT^^^^ *"* ° f adS ° rbSnt Wherein ,he 
ditional steps of pressure equalization counte cuZS Si h 3 re ? ressurization ° c =" ^h or without ad- 
binalionsoffeedandproduct Suchairse^^^ 

toSO'C. *»ucna.r separation process are typically conducted at -100'C to 100'C. preferably, 0'C 

ib^he iSrbT^b^^S; i ni!r ° 9 h ^ m ° re V " eaW/ adSOrbSd 935 te ™«.n. Prefer- 
kPa) and the desorption is Conducted l^tT V?™* ° U ' at 3 pr6SSUre in ,he ran 9 9 of 10 » 3 ° P^ (70-210 
less strongly adsorbed gas and delted f„ * ° °' 1 '° ? PSia (0 7 - 5 ° k?a >' Preferabl » * e ^ Pairing the 
preferably 93% G 2 by vofume Str ° n9 ' y SdS ° rbed 935 b at ,Sast 90% °2 b V * 

•olume, and more 
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Claims 

1. A composition of matter represented by the formula 
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M %x + y)/n [ S Wy) AI <y> 2n <x)P 4 : 



wherein: 



M is cation selected from Groups 1 2 7 10 11 i9anrfih«iki~,i- i 

of the elements as adopted by IUPAC; ' SmenlS 35 deRned by ,he Periodic Tab,e 

n is the valence of the selected cation'; M; 

x is greater than or equal to 0.02 but less' than or equal to 1 • 
y is a value less than or equal to 0.98; and 
2x +y is greater than or equal to 0.80; 



so 



55 



h 


k 


I 


Intensity l/l e 


d-spacings (d hw ) 


1 


1 


1 


very strong 


14.45 


2 


2 


0 


strong 


6.65 


3 


3 


1 


moderate 


5.75 


5 


3 


3 


moderate 


3.62 


5 


5 


5 


moderate 


2.89 



2 - o^TTr °\oT\ ra?,h n e 9 ; o b£f, 1 ' wh r ein , M ; s a ™ ture ° f * ,east tw ° ° f ••««** 

by IUPAC. k e,Sment3 35 deflnSd by ,he Periodic T ^le of the elements as adopted 

3. A composition of matter according to Ci=>im 1 or riain o «,u-. =i „ w • 

4. A composition of matter according to Claim 3, wherein M is calcium. 

5. A composition of matter according to Claim 3, wherein M is lithium. 

7. J^P-Wonof^ 

8 " P^SuT ' * C ' aim ? ' Wherein ,he ^ « * two cations comprises a, .east 50 

9 ' P^eTaSm ' mat,er aCCOfdin9 10 C,ajm 2 ° f C ' aim 6 ' M M is a o, cations comprising at .east 50 

10 " l C g^om O 0.e° 0 rac r 3. aCCOrdin9 t0 ° f PreCedi " 9 daimS ' Wherein * from 0.02 to 0.2 and y 

11 * a'nTdSemThS'Lln J 8 " 01 " miX,Ure C ° mPriSing C ° ntaCtin 9 ,he 9 aseous ™* ure « elevated pressure with 

«U^rc2rlcS^ a fc S?'5 n !r l °i miXtUfe m ° re Str ° ng,y ' han ° ne ° r more othsr components of 
cSfrn™ CharaCtenzed ,n th3t sa,d adsorb ^ is a composition of matter as defined in any one of the preceding 

12 ' a^Sta^ S3id 9aS f miX,Ure "»"*•« and oxygen, t,e more strong.y 

component .s nitrogen and the, or one of the, less strongly adsorbable component;*) is oxygen. 
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